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ABSTRACT 

We review the first science results from the Arcminute Cosmology Bolometer Array Receiver 
( Acbar) ; a multifrequency millimeter- wave receiver optimized for observations of the Cosmic 
Microwave Background (CMB) and the Sunyaev-Zel'dovich (SZ) effect in clusters of galaxies. 
Acbar was installed on the 2 m Viper telescope at the South Pole in January 2001 and the 
results presented here incorporate data through July 2002. We present the power spectrum of 
the CMB at 150 GHz over the range I — 150 — 3000 measured by Acbar as well as estimates 
for the values of the cosmological parameters within the context of ACDM models. We find 
that the inclusion of fl\ greatly improves the fit to the power spectrum. We also observe a 
slight excess of small-scale anisotropy at 150 GHz; if interpreted as power from the SZ effect of 
unresolved clusters, the measured signal is consistent with CBI and BIMA within the context 
of the SZ power spectrum models tested. 

Subject headings: cosmic microwave background - instrumentation, observations 
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1. Introduction 

In this proceedings we review the first sci- 
ence results from the Acbar experiment. We 
present an overview of the receiver, telescope, 
and site in §2. Our observing technique is 
described in §3. The map making technique 
and power spectrum estimation are described 
in §4. We discuss systematic tests, includ- 
ing a check on foreground contamination, in 
§5. Estimation of cosmological parameters is 
presented in §6 and we discuss the results in 
§7. Further details of the Acbar power spec- 
trum and cosmological parameter extraction 
are presented in Kuo et al. (2002) and Gold- 
stein et al. (2002), respectively. Due to jour- 
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nal space constraints, we refer the reader to 
associated papers on Acbar pointed SZ clus- 
ter observations (Romer et al. 2003) and blind 
cluster survey (Runyan et al. 2003b). 

2. Instrument and Telescope 

The Arcminute Cosmology Bolometer Ar- 
ray Receiver (Acbar) is a 16 pixel, millimeter 
wavelength, 240 mK bolometer array and is 
described in detail in Runyan et al. (2003a). 
The instrument was designed to couple to the 
existing Viper telescope at the South Pole to 
produce high resolution maps of the CMB sky 
with high signal-to-noise. 

Acbar is configurable to observe simulta- 
neously at 150, 220, 280 and 350 GHz with 
bandwidths of 31, 31, 48, and 24 GHz, respec- 
tively. In 2001 Acbar had four feeds at each 
of the four observing frequencies. In 2002 we 
replaced the 350 GHz feeds with an additional 
row of 150 GHz feeds because of the superior 
noise performance at 150 GHz. Acbar makes 
use of extremely sensitive microlithographed 
spider-web bolometers developed at JPL for 
the Planck satellite mission (Turner et al. 
2001). These detectors achieve background 
photon limited performance in Acbar. In 
2002 the 150 GHz channels had an average 
NETrj sensitivity of ~ 200 /j,K^/s. The focal 
plane is arranged in a 4 x 4 grid with a spacing 
of ~ 16' between beam centers on the sky. 

The Viper telescope is a 2 m off-axis Gre- 
gorian telescope designed specifically for ob- 
servations of CMB anisotropy. The primary is 
surrounded by a 0.5 m skirt to reflect spillover 
to the sky. The entire telescope is enclosed in 
a large conical ground shield to block emis- 
sion from elevations below ~ 25°; one section 
lowers to allow observations of low-elevation 
sources such as planets. A chopping flat at 
the image of the primary formed by the sec- 
ondary sweeps the beams ~ 3° in azimuth in 
a fraction of a second. 

The combination of large chop (~ 3°) and 
small beam sizes (~ 4 — 5' FWHM Gaussians) 



makes Acbar sensitive to a wide range of an- 
gular scales (150 < t < 3000), with high i- 
space resolution (A^ ~ 150). Another unique 
feature of Acbar is its multi-frequency cov- 
erage, which has the potential to discriminate 
between sources of signal and foreground con- 
fusion. The CMB power spectrum (Kuo et al. 
2002) and cosmological constraints (Goldstein 
et al. 2002) presented here are derived from 
the 150 GHz channel data collected from Jan- 
uary 2001 through July 2002. Analysis of the 
220 GHz and 280 GHz data and the remainder 
of the 2002 150 GHz data is underway. 

The South Pole provides an exceptional 
platform from which to conduct millimeter- 
wave observations. The elevation at the Pole 
is ~ 9, 300' and the average ambient tempera- 
ture during the austral winter is near — 80° F. 
The high altitude, dry air, and lack of di- 
urnal variation result in a transparent and 
extremely stable atmosphere (Lay & Halver- 
son 2000; Peterson et al. 2002). The en- 
tire southern celestial hemisphere is available 
year-round allowing very deep integrations. 
When combined with a well established re- 
search infrastructure, these attributes makes 
the South Pole an ideal location for terrestrial 
CMB observations. 

3. CMB Observations 

To minimize possible pickup from the mod- 
ulation of telescope sidelobes on the ground 
shield, we restrict the CMB observations to 
fields with EL > 45°. The power spectrum 
reported in Kuo et al. (2002) is derived from 
observations of two separate fields, which we 
call CMB2 and CMB5. The remaining two 
CMB fields from 2002 are currently being an- 
alyzed. 

High signal-to-noise maps of planets (Mars 
in July 2001, and Venus in September 2002) 
are used to accurately measure the beam pat- 
terns of the array elements as well as calibrate 
the instrument. We have estimated the total 
calibration uncertainty to be 10% and further 
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details of the instrument calibration can be 
found in Runyan et al. (2003a). 

Each CMB field was selected to include a 
bright, flat-spectrum radio source. The coad- 
ded image of the guide source is used to de- 
termine the effective beam sizes at the cen- 
ter of the map and includes smearing due 
to pointing jitter that occurs over the period 
in which the data are acquired. These final 
point-source image sizes are consistent with 
the beam sizes measured on planets and the 
observed pointing RMS determined from fre- 
quent observations of galactic sources. 

When the telescope is chopping the time- 
stream signals are dominated by a quadratic 
chopper-synchronous signal roughly 10 mK in 
amplitude at 150 GHz. The chopper signal is 
due mostly to snow accumulation on the tele- 
scope. We employ an observing strategy that 
allows us to remove both constant and lin- 
early time-varying offsets by observing three 
adjacent fields (LEAD, MAIN, and TRAIL) in 
succession. By forming the difference LMT = 
M — (L + T)/2 we remove the chopper off- 
sets while preserving large-scale CMB power 
on the sky. 

4. Power Spectrum 

Algorithms for the analysis of total power 
CMB data are well developed and have been 
tested on balloon-borne experiments (Netter- 
field et al. 2002; Lee et al. 2001). However, the 
ground-based ACBAR experiment is subject 
to constraints which require significant depar- 
tures from the standard analysis algorithms. 
Here we briefly outline the Acbar analysis 
and highlight its unique features. Complete 
details of the analysis is presented in Kuo 
et al. (2002). 

In Kuo et al. (2002) we developed a cleaned 
noise-weighted coadded map as an interme- 
diate step from time stream data to power 
spectrum. This technique identifies periods 
when the data have significant correlated at- 
mospheric noise and adaptively projects out 



the corrupted spatial modes. The data are 
also weighted by their variance after projec- 
tion of the corrupted modes. The cleaned 
and weighted map is, however, not an unbi- 
ased estimator of the CMB sky temperature; 
the projection of modes and noise weighting 
must be accounted for in the theory and noise 
covariance matrices. 

The LMT-differenced map of the CMB5 
field is shown in Figure 1. Due to computa- 
tional limitations, we choose the map pixeliza- 
tion to be 2.5'. For the purposes of presen- 
tation, we have smoothed the pixelized map 
with a 4.5' FWHM Gaussian beam. The lower 
panel in Figure 1 shows the RMS noise in the 
LMT difference map as a function of posi- 
tion. Due to differences in sky coverage, the 
noise varies across the map; in the central re- 
gion, the RMS noise per 5' beam is found to 
be 17 fiK and 8 fiK for the CMB2 and CMB5 
LMT-differenced maps, respectively. On de- 
gree angular scales, the S/N in the center of 
the CMB5 map approaches 100. These maps 
have not yet had the undetected PMN source 
catalog and IRAS dust templates projected 
out. Foregrounds are discussed in more detail 
in §5. 

The maximum likelihood band powers are 
estimated iteratively using the quadratic iter- 
ation method (Bond et al. 1998). The Acbar 
power spectrum - as well as the power spec- 
tra from other contemporary experiments - 
is shown in Figure 2. The decorrelated band 
powers and window functions are available on 
the Acbar website 13 . 

5. Systematic Tests 

We performed a number of systematic 
checks upon the Acbar data to verify the 
robustness of the measured power spectrum. 
Of particular concern was the effect of pos- 
sible foreground contamination. We selected 
the target regions on the sky to have low 

http: / /cosmology.berkeley.edu /group / swlh/acbar / 
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Fig. 1. — The top panel shows the LMT- 
differenced, atmospheric mode removed, noise 
weighted, coadded map for the CMB5 field. The 
guide quasar has been replaced with black pix- 
els. The small white circle in the lower left hand 
corner of the map represents the FWHM of the 
average array element beam size as determined 
from the coadded quasar image. The map is pix- 
elated at 2.5' and has been smoothed with a 4.5' 
FWHM Gaussian. The predominance of extended 
structure in the vertical direction results from de- 
projection of extended horizontal structure dur- 
ing atmospheric mode removal. The lower panel 
shows the noise in the LMT differenced map as 
a function of position. The S/N the degree-scale 
structures in this map approach 100. This figure 
is from Kuo et al. (2002). 



„ 6000 - 




Fig. 2.— Top Panel: The Acbar CMB power 
spectrum, Ci = £(£+l)Cg/ (2ir), plotted over a vac- 
uum energy dominated [Qk = —0.05, J7a = 0.5, 
uj cdm = 0.12, io b = 0.02, H = 50, t c = 0.025, 
n s = 0.925, amplitude do = 1.11 x W~ 10 T^ MB ] 
model (black thin line) and a CDM dominated 
[fi k = 0.05, n A = 0, uj cdrn = 0.22, u b = 0.02, 
H = 50, tc — 0, n s — 0.925, amplitude Cm = 
1.34 x 10- 10 T2 MB ] model (green thick line). These 
are the best-fit models, for A and A-free mod- 
els respectively, found during the ACBAR+Others 
parameter estimation described Goldstein et al. 
(2002), with the weak-h prior. Bottom Panel: The 
top panel with the addition of power spectra from 
several other experiments. Both models appear to 
be reasonable fits to the data, with the J7a = 0.5 
model statistically being the better of the two. 
This figure is from Goldstein et al. (2002). 
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dust contrast from the IRAS/DIRBE maps 
of Finkbeiner et al. (1999) extrapolated to 
150 GHz. We estimate the total variance 
in the LMT-differenced maps due to dust at 
150 GHz to be about 9 fiK 2 and 70 fiK 2 for 
CMB2 and CMB5, respectively. In addition, 
unresolved point sources may also contribute 
power to the maps. We project out the cen- 
tral pointing sources in each field and a bright 
radio galaxy (Pictor A) in the CMB2 field. 
We detect only one other PMN radio source 
at greater than 3a and it too is removed. 
We investigated the potential effects of these 
foregrounds by generating the power spec- 
trum with no additional foreground removal 
and then re-calculating it after projecting out 
the IRAS/DIRBE template and all 170 PMN 
sources in the CMB fields above 40 mJy at 5 
GHz. The foreground removal has a negligible 
impact on the power spectrum indicating an 
insignificant level of contamination. We use 
the foreground-removed power spectrum for 
all subsequent analysis. 

We also performed a number of "jackknife" 
tests on the data. We divided each CMB data 
set into a first-half and second-half and calcu- 
lated the power spectra to look for system- 
atic changes over time. We also broke the 
data into left-going and right-going chopper 
sweeps to look for direction-dependent effects. 
Finally, we divided the data into 180° az- 
imuth chunks either towards or away from the 
near-by Martin A. Pomerantz Observatory 
(MAPO) building to investigate pick-up from 
sources at low elevation. The power spectrum 
passed all three jackknife tests within the er- 
ror bars (determined by Monte Carlo simula- 
tion). 

6. Cosmological Parameter Extraction 
6.1. Method 

In this section we describe using the CMB 
power spectrum measured by Acbar and 
other CMB experiments to derive Bayesian es- 
timates of cosmological parameters in inflation- 



motivated adiabatic CDM models. A more 
complete treatment is presented in Goldstein 
et al. (2002). Our set of cosmological param- 
eters includes O fc = (1 - U to t), ^A, u cdm , co b , 
n s , tc, lnCio- The total energy density (tltot) 
is the sum of the energy density from the 
vacuum (J7a), matter, and relativistic par- 
ticles. The matter density is split into two 
constituents: baryonic matter (0& = LOb/h 2 ) 
and cold dark matter (P*cdm = ^cdm/h 2 ), 
where h is the Hubble parameter in units 
of 100 km/s/Mpc. n s is the scalar index of 
primordial perturbations. The amplitude of 
the power spectrum at i = 10 (lnCio) gives 
the overall amplitude of the primordial fluc- 
tuations and has been well constrained by the 
COBE-DMR (Bennett et al. 1996) [used in the 
parameter analysis in Goldstein et al. (2002)] 
and more recently by WMAP (Hinshaw et al. 
2003). 

The universe reionized at some point be- 
tween decoupling and the present. After 
reionization, CMB photons scatter further. 
tc is the Compton optical depth (from de- 
coupling to present) due to such scattering. 
High tc diminishes CMB power by a factor of 
exp[— 2tc] over most of the I range in the TT 
spectrum, though not in the DMR range. Af- 
ter the parameter estimates in Goldstein et al. 
(2002) were derived, the WMAP team re- 
ported a significant detection of the reioniza- 
tion signature with a best-fit tc = 0.17 ± 0.04 
from an excess in the TE cross-spectrum at 
low-£ (Kogut et al. 2003). The Acbar results 
have assumed no prior on tc but re-analysis 
in the light of the WMAP results is underway. 

Because of the high resolution of Acbar, it 
is possible that sources of secondary anisotropy, 
such as from the Sunyaev-Zel'dovich effect in 
clusters, could contribute significant power 
above the primary CMB spectrum at high-£. 
However, the detection of power in the high- 
est I bin is only 0.9a above the best-fit model 
CMB power spectrum. Thus, for cosmolog- 
ical parameter estimation based on the full 
Acbar power spectrum we believe we can 
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safely ignore the effects from the potential 
SZ contamination. As the precision of our 
high-^ data improves, however, we will have 
to include the SZ contribution in deriving pa- 
rameter estimates. 

We also derive four observable quantities 
from the seven basic parameters. These are 
the present age of the Universe (to), the Hub- 
ble parameter (h), the variance in the lin- 
ear density fluctuation spectrum smoothed on 
8/i _1 Mpc scales (c|), and the effective shape 
parameter of the linear density power spec- 
trum (T e ff). The values of the derived pa- 
rameters are calculated at each point on the 
parameter grid but do not reflect additional 
information; they are used for incorporating 
prior constraints from other data sets, such as 
the value of the Hubble parameter from HST 
or the value of agQ,^ 6 from large scale struc- 
ture (LSS) surveys. The individual priors are 
described in detail in Goldstein et al. (2002). 

6.2. Results 

By applying the method described above 
we can investigate the power of adding Acbar 
to the various data sets. We can also inves- 
tigate the effects of applying different priors 
upon the results. As a first test we com- 
puted the ID parameter likelihoods by adding 
Acbar to the COBE-DMR power spectrum 
(Bond et al. 1998). The thought is that the 
COBE data provides a low-£ anchor to the 
power spectrum and the precise high-£ mea- 
surements of Acbar will be sensitive to the 
physics of the damping tail. In particular, the 
strength of the viscous and diffusive couplings 
are sensitive to baryon density, w& (White 
2001). 

However, what we found is that the degen- 
erate influence of other cosmological parame- 
ters upon the damping tail (e.g., 0,m an d n s ) 
prevents a precise measurement of Uf, with- 
out prior knowledge from the peak-dip struc- 
ture at lower-^ (degenerates are always caus- 
ing problems such as this). In addition, some 



of the parameter results are found to depend 
upon assumed priors. Once we include infor- 
mation on the power spectrum from experi- 
ments at lower I the Acbar data improves 
constraints on parameters by virtue of the 
small error bars. The best-fit parameters of 
the joint data set are found to be stable to 
the application of priors and are reproduced 
in Table 1. 

One would expect that the addition of high 
sensitivity data at high-^ would lead to signif- 
icant improvements upon the parameter that 
controls the scale of damping (oj&) and the 
tilt (n s ) because of the increased I baseline; 
but that appears not to be the case, as evi- 
denced in Table 1. It is likely that the near 
degeneracies between certain parameter pairs 
[see, for example, Efstathiou & Bond (1999)] 
implies that improved precision of measure- 
ment does not necessarily translate into sig- 
nificant improvements in the ID parameter 
likelihoods. However, we can measure the 
power of a data set to constrain cosmological 
parameter space by determining the set of pa- 
rameter "eigenmodes" that are most well con- 
strained by the likelihood. We calculated the 
parameter eigenmodes and associated eigen- 
value uncertainty for the set of CMB data be- 
fore Acbar and then re-calculated the eigen- 
vectors including the Acbar data. 

Most of the eigenvectors are dominated by 
one or two parameters and it is interesting 
to note that the eigenvector most improved 
by inclusion of the Acbar data is dominated 
by Oa- The eigenvectors are orthogonal and 
thus the product of their uncertainties repre- 
sents a "volume" of parameter space consis- 
tent with the data. We find that including 
the Acbar data set reduces the volume of 
acceptable ACDM parameter space by a fac- 
tor of ~ 3. This shows that roughly 2/3 of 
the previously consistent parameter space has 
been eliminated by inclusion of the Acbar 
data, but this is not reflected in the marginal- 
ized likelihoods of the fiducial parameters. 
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Parameter Estimates and Errors 
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note — Parameter estimates and errors for several prior combinations with and without Acbar. Errors are quoted 
at l-cr (16% and 84% points of the integral of the likelihood), except for tq where the 95% upper- limit is given. 
The various priors are described in Goldstein et al. (2002). The top block lists results found with and without 
the inclusion of Acbar data, which shows the small improvements found upon adding Acbar to the mix. The 
bottom block shows the effect of applying stronger priors on the ACBAR+Others dataset, which naturally leads to 
improvements on the parameter estimates. The difference between the LSS and LSS(low-C8) priors does lead to 
several slight shifts, smaller than the l-cr errors. This table is reproduced from Goldstein et al. (2002). 
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As mentioned above, the addition of the 
Acbar data has a substantial impact on the 
likelihood of models without a cosmological 
constant. The 3a lower-limit is increased from 
n A > 0.086 for the "Other" CMB experiments 
to Q\ > 0.136 by including Acbar. The 
X 2 of best-fit free-f^A and Oa = models is 
X 2 = 140 and x 2 = 160 for 116 band powers, 
respectively. The probably that the dark en- 
ergy density is zero has become significantly 
unlikely. 

In addition to estimating cosmological pa- 
rameters from the primary power spectrum, 
we also derived constraints on a% from sec- 
ondary anisotropy resulting from a back- 
ground of unresolved SZ clusters (Komatsu 
& Seljak 2002). We employed two model SZ 
power spectra: one generated from Smoothed 
Particle Hydrodynamics (SPH) simulations 
(Bond et al. 2002) and the other an analytical 
model (Zhang et al. 2002). The amplitude 
of the SZ power spectrum is expected to de- 
pend very strongly upon the value of ag going 
roughly as Cf z ~ (f^/i) 2 <7g. This strong de- 
pendence should allow significant constraints 
to be placed upon as with existing (and to a 
higher degree with forthcoming) high-£ data 
sets from Acbar, CBI (Mason et al. 2002), 
and BIMA (Dawson et al. 2002). 

For this analysis we only use power spec- 
trum data points above I > 1500. Although 
the primary power spectrum is falling rapidly 
for ^>2000, its contribution compared to the 
SZ signal is by no means negligible; partic- 
ularly at 150 GHz. We include the contri- 
bution from the best-fit power spectrum of 
the "ACBAR+Others" data set in our anal- 
ysis (fi 6 = 0.047, Q cdm = 0.253, ft A = 0.7, 
h = 0.69, n s = 0.975, and t c = 0.2). We 
account for the difference between our best- 
fit cosmology and the one used to generate 
the SZ power spectra (f^/i = 0.035) by using 

al z = (f2 6 /i/0.035) - 29 cr 8 . We also include the 
effects of the non-Gaussian nature of the SZ 
signal upon the sample variance [see Goldstein 
et al. (2002) for a discussion]. 



We find a best-fit value of a% z = 0.98+^| 
for the joint Acbar, CBI, and BIMA data 
set using the analytical model and a slightly 
higher value of 1.04 for the SPH model. These 
values of as are on the high-end of values de- 
termined from LSS measurements. It is possi- 
ble that the excess power on small scales mea- 
sured by CMB experiments may be the result 
of high-redshift supernova from the first stars 
(Oh et al. 2003). On the other hand, it may 
simply reflect a current lack of understanding 
of the SZ power spectrum. The best-fit val- 
ues of a§ z measured by Acbar at 150 GHz 
are consist with those measured by CBI and 
BIMA at 30 GHz within la. Although the 
Acbar data alone do not yield a 3a lower 
limit to as, the combination of Acbar, CBI, 
and BIMA data results in a 3a lower limit of 
erf z > 0.63 (including non-Gaussian effects) 
within the context of the SZ models tested. 

7. Discussion 

The Acbar experiment has been used to 
precisely measure the CMB sky from the 
South Pole and has produced the highest 
signal-to-noise map of the CMB to date. This 
data has yielded the most sensitive measure- 
ment of the damping tail region of the CMB 
power spectrum as of this writing; analysis 
of the remainder of the 2001 through 2002 
Acbar data is underway and should further 
refine our power spectrum and parameter es- 
timates. The data agree with the predictions 
of the flat-ACDM model with adiabatic initial 
perturbations. When considering the Acbar 
data in combination with other contemporary 
CMB results, the addition of a single param- 
eter, J7a, significantly improves the fit to the 
data with a Ax 2 = 20. 

We find that the addition of the high sensi- 
tivity Acbar data the the current CMB data 
does not lead to significant reductions of the 
la uncertainties in the canonical cosmologi- 
cal parameters. However, when considered in 
the eigenmode basis of the parameter likeli- 
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hood space, the addition of the Acbar data 
results in a significant reduction of the ob- 
servationally acceptable parameter space; this 
indicates that the lack of improved errors on 
the fundamental parameters probably results 
from degeneracies between the fiducial param- 
eters. The very high-£ points of the Acbar 
power spectrum indicate a slight excess of 
power at 150 GHz that is consistent with a 
value of o"8 on the upper-end of limits from 
LSS if the excess is due to SZ emission from 
clusters and is consistent with CBI and BIMA 
at 30 GHz. However, the Acbar data alone 
do not place to a 2a lower-limit on the detec- 
tion of this excess power. 

It is clear from the measured CMB power 
spectrum in Figure 2 that the Acbar and 
CBI data are consistent with each other as 
well as the underlying ACDM cosmological 
model. This is significant for a number of 
reasons. First, these experiments have pushed 
the £-space coverage of the CMB power spec- 
trum to a factor of ~ 3 larger than previous 
experiments. The remarkable agreement of 
the data with the predictions of a ACDM cos- 
mology across such a large range of angular 
scale adds substantial credibility to the un- 
derlying model by testing the physics of the 
damping region which are complementary to 
the accoustic peaks. The high-£ data have 
provided an essential test that the ACDM 
model has passed with flying colors. Sec- 
ond, the Acbar and CBI data were taken 
by completely different experimental tech- 
niques (quasi-total power bolometers versus 
interferometric measurements) at significantly 
different observing frequencies (150 GHz for 
Acbar versus 30 GHz for CBI). The sensi- 
tivity of the two experiments to systematic 
effects are quite different and the consistency 
of the data sets is reasuring. 

After publication of the Acbar results in 
late 2002, the WMAP team released their phe- 
nomenal first-year power spectrum and cos- 
mological parameters (Hinshaw et al. 2003; 
Spergel et al. 2003). This power spectrum 



runs out of steam in the vicinity of the third 
doppler peak (£ ~ 800) and the Acbar 
and CBI data sets were used to "extend" 
the WMAP power spectrum (forming the 
WMAPext data set). The damping tail data 
helps break some of the degeneracies at low- 
t and also provides marginal evidence for 
a "running" scalar index, dn s /dlnk / 
(Spergel et al. 2003) that is bolstered by in- 
corporation of galaxy redshift and Lyman-a 
survey results. The value of the scalar index 
and running can be used to constrain infla- 
tionary models; already CMB data have been 
used to rule out inflationary potentials of the 
form V(4>) oc ^ at 3a (Kinney et al. 2003). 
More precise data in the damping tail region 
should assist in this endeavor. 
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